ypertension is the most important risk factor for lacunar infarcts [1] [2] [3] [4] [5] [6] and although abdominal visceral fat accumulation is thought to be associated with cardiovascular risk factors such as hypertension, its relationship with lacunar infarcts has not been investigated in Japanese men. 7 Abdominal visceral fat accumulation is associated with diet, lack of physical activity, drinking alcohol, mental stress, and the aging process. [8] [9] [10] [11] [12] In Japan after the 1960s, dietary patterns and other factors changed rapidly with economic growth [13] [14] [15] and therefore it is likely that the contribution of abdominal visceral fat accumulation and other cardiovascular risk factors to the development of lacunar infarcts differs between generations. We conducted a crosssectional study to investigate the association of cardiovascular risk factors, including abdominal visceral fat accumulation, with lacunar infarcts detected on brain magnetic resonance imaging (MRI) among middle-aged and elderly Japanese men participating in a health checkup program.
blood pressure, (2) high normal blood pressure and mild hypertension, and (3) moderate and severe hypertension. Optimal and normal blood pressure corresponded to systolic blood pressure <130 mmHg and diastolic blood pressure <85 mmHg and not taking antihypertensive medication; moderate and severe hypertension corresponded to systolic blood pressure ≥160 mmHg and/or diastolic blood pressure ≥100 mmHg and/or taking antihypertensive medication; all other values were defined as high-normal blood pressure and mild hypertension.
A sample of blood was drawn after an overnight fast and the concentrations of serum triglycerides, total cholesterol, high-density lipoprotein (HDL) cholesterol and glucose were determined by enzymatic methods. Glycohemoglobin (HbA1C) was assayed by the latex method. Hypertriglyceridemia, hypercholesterolemia, and hypo-HDL-cholesterolemia were defined as serum triglycerides ≥1.69 mmol/L (150 mg/dl), serum total cholesterol ≥5.68 mmol/L (220 mg/dl), and serum HDL cholesterol <1.04 mmol/L (40 mg/dl), respectively. 17 We further bisected the categories of hypertriglyceridemia and hypercholesterolemia at their medians. The subjects taking medication for hyperlipidemia (9.2%) were included in the category of the highest levels of serum triglycerides or serum total cholesterol. The serum glucose concentration was classified as normal glucose regulation, impaired glucose regulation or diabetes. Impaired glucose regulation was defined as a glucose concentration of 6.1-6.9 mmol/L (110-125 mg/dl) and HbA1C <6.5% without medication for diabetes 18 ; diabetes was defined as glucose ≥7.0 mmol/L (126 mg/dl) and/or HbA1C ≥6.5% and/or medication for diabetes. 18 
Abdominal CT
Abdominal visceral fat area was evaluated on CT (Xvision GX, Toshiba, Japan) at the level of the umbilicus. 19, 20 Three categories of abdominal visceral fat accumulation were made using the tertiles of abdominal visceral fat area.
Brain MRI
A 0.5-T MR system (Flexart V4.0, Toshiba, Japan) was used to obtain T1-weighted (465/15, TR/TE) sequences with a slice thickness of 7 mm and T2-weighted (5,000/120, TR/TE) sequences with a slice thickness of 6 mm in the transverse orientation. A neurologist (J.N.) and a neurosurgeon (Y.N.) interpreted the MRI scans together, unaware of the subjects' past history of stroke and cardiovascular risk factors. Lacunar infarcts were defined as areas of hyperintensity on the T2-weighted images and hypointensity on the T1-weighted images (T2WI), with a maximum diameter of ≥5 mm and <15 mm around the perforating artery. Rounded or triangular areas with a clear margin (<5 mm) or linear findings that were hyperintense on T2WI in the lentiform nucleus or subcortical or deep white matter were suspected to be perivascular spaces and were differentiated from lacunar infarcts.
Statistical Analysis
Associations of abdominal visceral fat area with other cardiovascular risk factors were evaluated by Spearman's rank correlation coefficient (rs) for the total number of subjects, subjects aged 40-64 years, and subjects aged 65-79 years. For smoking and drinking status, one-way analysis of variance was used for comparison of the areas of abdominal visceral fat. Bonferroni's multiple comparison procedure was used to compare the mean values between 2 categories. Age-adjusted odds ratios (OR) and 95% confidence intervals (95%CI) for lacunar infarcts were calculated using logistic regression with reference to the lowest levels of cardiovascular risk factors for the subjects overall and the 2 age groups. The linear trend in the OR over 3 levels was examined using medians, except for hypertension for which the linear trend was examined using an equally spaced numeric variable. We used 1 for optimal and normal blood pressure, 2 for high-normal blood pressure and mild hypertension, and 3 for moderate and severe hypertension, the latter group comprising 19.7% (169/859) of the subjects taking antihypertensive medication. Age, abdominal visceral fat accumulation, the variables that were significantly associated with lacunar infarcts (p<0.05), drinking and smoking were included in the multivariate logistic regression analysis. We further examined the effect of extreme accumulation of abdominal visceral fat on the occurrence of lacunar infarcts. Age-adjusted and multivariate ORs in the highest 16.7th percentile versus the lowest tertile of fat area were calculated. A p-value <0.05 was considered to be significant. SPSS statistical software was used for the data analysis (Chicago, IL, USA). Table 1 shows the number of subjects and the prevalence for each of the following: MRI findings, obesity, abdominal visceral fat accumulation, and other cardiovascular risk factors. Of the 859 subjects, 35 (4.1%) had a past history of coronary heart disease, and 17 (2.0%) had a past history of stroke. Of the 42 subjects who had lacunar infarcts, 12 (28.6%) had a past history of stroke (7 in the 40-64 age group (28.0%) and 5 (29.4%) in the 65-79 age group). None of the subjects showed paresis of the limbs, and there were no differences between those with and without lacunar infarcts in the prevalence of disturbance in fluent speech (5.3% vs 7.1%), skilful writing (2.6% vs 5.3%), or smooth walking (18.4% vs 16.2%). The prevalence of numbness was higher in the subjects with lacunar infarcts (34.2%) than in those without infarcts (18.0%, p=0.02).
Results
In all subjects the abdominal visceral fat area was significantly correlated with BMI (rs=0.65, p<0.01), hypertension status (rs=0.25, p<0.01), diabetes status (rs=0.10, p<0.01) and the concentrations of triglycerides (rs=0.37, p<0.01), total cholesterol (rs=0.12, p<0.01) and HDL cholesterol (rs=-0.23, p<0.01). The mean values of the abdominal visceral fat area differed with drinking status (p=0.05): the mean area in drinkers of ≥46 g/day of ethanol was slightly larger than those who had never drunk alcohol (p=0.09). Among the subjects aged 40-64 years, the abdominal visceral fat area was significantly correlated with BMI (rs=0.65, p<0.01), hypertension status (rs=0.26, p<0.01), diabetes status (rs=0.12, p<0.01) and the concentrations of triglycerides (rs=0.36, p<0.01), total cholesterol (rs=0.14, p<0.01) and HDL cholesterol (rs=-0.23, p<0.01). Among subjects aged 65-79 years, the abdominal visceral fat area was significantly correlated with BMI (rs=0.70, p<0.01), hypertension status (rs=0.26, p<0.01) and the concentrations of triglycerides (rs=0.37, p<0.01) and HDL cholesterol (rs=-0.25, p<0.01). Table 2 shows the age-adjusted ORs of lacunar infarcts for abdominal visceral fat accumulation and other cardiovascular risk factors. A borderline association of abdominal visceral fat accumulation with lacunar infarcts was observed among the subjects overall and in those aged 40-64 years. A significant and blood pressure-dependent association of hypertension with lacunar infarcts was observed among the subjects overall and in both age groups (40-64 and 65-79 years). Both former drinking and current drinking of ≥46 g/day of ethanol was associated with lacunar infarcts among the subjects overall and the subjects aged 65-79 years. Table 3 shows the results of multivariate logistic regression analysis including age, abdominal visceral fat accumulation, hypertension, drinking and smoking. Among the subjects overall, the association of hypertension and former or current drinking of ≥46 g/day of ethanol with lacunar infarcts remained significant. Among the subjects aged 40-64 years, the association of hypertension with lacunar infarcts was attenuated and became insignificant, but among the subjects aged 65-79 years, the association of hypertension and former drinking or current drinking of ≥46 g/day of ethanol with lacunar infarcts remained significant.
Extreme accumulation of abdominal visceral fat was significantly associated with lacunar infarcts among the subjects aged 40-64. The age-adjusted OR in the highest 16.7th percentile (≥143 cm 2 ) vs the lowest tertile (≤83 cm 2 ) 
Discussion
In the present study, we observed that abdominal visceral fat accumulation was associated with lacunar infarcts among the middle-aged men, but not among the elderly men, and this finding has 2 implications. First, abdominal visceral fat accumulation is a possible risk factor of lacunar infarcts, and second, the risk factors of lacunar infarcts may differ between generations of Japanese men.
A possible mechanism for the contribution of abdominal visceral fat accumulation to atherosclerosis has been reported [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] and involves the adipocyte-derived proteins, adiponectin and plasminogen activator inhibitor-1. The concentration of adiponectin is inversely related to body weight and insulin concentration [21] [22] [23] [24] and it may lower the risk of cardiovascular disease by improving insulin sensitivity, [25] [26] [27] [28] [29] thus decreasing endothelial dysfunction related to insulin resistance [30] [31] [32] and improving blood lipid levels. Adiponectin may also reduce the risk of cardiovascular disease by lowering C-reactive protein and other inflammatory cardiovascular risk factors, modulating the vascular response to lipid and inflammatory stimuli, and suppressing lipid accumulation and class A scavenger receptor expression in macrophages. 28, [33] [34] [35] The concentration of plasminogen activator inhibitor-1 correlates positively with abdominal visceral fat and it contributes to thrombus formation. 36 Because lacunar infarcts are caused by either arteriosclerosis of small penetrating arterioles in the basal ganglia or atherosclerosis of larger cerebral arteries at the origin of the penetrating arterioles, our finding in the middle-aged men is biologically plausible. 37 Moreover, a clinical study showed that insulin concentrations were higher in patients with lacunar infarcts than in either those with cerebral infarcts because of large-vessel disease or the control patients. 38 A possible reason is that the microvascular endothelium is more susceptible to the metabolic and mitogenic effects of insulin than macrovascular endothelium. 38 In the present study, the association between abdominal visceral fat accumulation and lacunar infarcts was primarily observed among middle-aged men, not among the elderly men, which means that abdominal visceral fat accumulation contributed more to lacunar infarcts among middle-aged men than among the elderly men, whose main risk factors were hypertension and alcohol drinking.
The practical advantage of using CT for evaluating abdominal visceral fat accumulation is that the image is usually impressive, it can be easily understood by the individuals at risk of lacunar infarcts and may encourage them to make the necessary improvements to their lifestyle. The practical disadvantage of using CT is the expense and the patient's exposure to radiation. In the present study, we performed CT primarily for the purpose of early detection of abdominal diseases in abdomen during a health checkup. Waist circumference is another index of abdominal visceral fat accumulation without the disadvantage of using CT. 39 Because the men's waist circumference measurements were not available in the present study, we intend to investigate the association of abdominal visceral fat accumulation with lacunar infarcts using waist circumference.
Current drinking of ≥46 g/day ethanol was positively associated with lacunar infarcts in the present study. On the other hand, a recent cohort study in a Japanese general population showed that light-to-moderate alcohol consumption reduced the risk of lacunar infarction. 40 Possible reasons for this discrepancy between the 2 studies are differences in the population, sample size and the reference category. The increased risk of lacunar infarcts in ex-drinkers may be related to those subjects quitting drinking after lacunar infarcts were identified before this study was conducted.
There are several limitations warranting discussion. The sample size was small, and the subjects might have a higher socioeconomic status that enables them to undergo expensive examinations at their own cost. Several factors related to both abdominal visceral fat accumulation and atherosclerosis, such as physical inactivity and mental stress, were not included in the present study 5,9,10 nor was there any information about medications that would affect insulin sensitivity. 41 The infarcts were thought to be mildly symptomatic or asymptomatic, for which the risk factors may differ from symptomatic infarcts that cause disability.
Conclusion
Our cross-sectional study suggests that abdominal visceral fat accumulation is a possible risk factor for lacunar infarcts, in addition to hypertension, in middle-aged Japanese men.
